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C H A P T E R I 
THE SCOPE Mm PURPOSE OF THI S PAPER 
Th e Prob lem: The traditional h i gh school c he istry 
cou rse is primarily a lecture course, with relatively few 
experiments, most of which are conducted by t he teacher. Th i 
method of instruction makee little i f any provisions f or in-
dividual differences. It fails t o provide t he great educa-
tiona l need for orig ina l t h ink i ng . It ne g lects to furnish 
t he student with practice in t he ar t o f selfd irection a nd 
di s ci pline. It makes little if any , provision for t h e sti11u-
l a tion of intere s t or for t h e deve lo pment of scientific atti-
t udes. It doe s n ot pre sent much cons ide ration f or the dev-
elopment of· t he s·t udent' s ability to org anize e.nd ob serve, 
to stud y and i n t e r pret, to analyze and record activitie s of 
t heir own p l ann i n g and c h oosins . Th is i nfle xibility results 
in t he withdr awal o f t he slowe r stude n t from t he conve n ti onal 
recitation or discussion period and fa ils to provide t h e 
more g i f ted with an incentive to do add itiona l work . This 
p aper is an a ttempt to alleviate t he se shortcomi ng s by t h e 
application of t he basic prin ciples and procedures set f orth 
by Dr. Roy 0 . Billett1 i n h is book 11 Funde.me n tals o f Second-
1 Roy 0. Billett, Fund a mentals of Secondary School 
Te a ch i ng , Hou gh ton Mifflin Company , Boston, 1940. 
ary School Teaching ," and the course e n titled "The Unit 
Meth od in Secondary School" whi ch is taught at Boston Uni-
versity, to the construction of a teaching unit on Oxy g en 
i n Hi g h School Chemistry. 
Justification for .Qni t Ivlethod : 
Perhaps the most significant dev, lopment o~modern 
psy c hology h as been its f ind i n g s with referen ce to individ-
ual differences. Individuals differ widely arou nd t he av-
erage for t he grou p in every known char a c t eristic. Th ey 
differ in ab ility, in intere st, and in amb ition. Some are 
g eniuses or ne ar - g e n iuses, wh ose pos s ibilities for develop-
me n t and consequen t contribution to t h e common good tower 
to t he sky . Some are limited in ability b ut nevertheless, 
with pro per teac h ing meth od s a nd training can bec ome happy 
ind ividu al s wh o h ave found o:r;rn ad e t heir p lace in t he upward 
march of civilization. A much larger number of persons 
t h an is found in either of t h e two previous groups comes 
2 
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und er t h e term the average person • I m sure t hat any teach-
er wh o h as worked with individuals of averas e ability is 
v1ell aware of t he fact t h at t he s o-called n aver c;.ge person or 
pu p il 11 h as very great possibilities o f d evelopme n t under 
adequ a te te a c h i ng methmd s and tr a ining , for there seems to 
b e no eviden ce to indicate t h at any individual h as ever 
learned all he is capab le of learning . An ind ividu al mi ght 
I' 
I 
have le arned all h e could according to a g iven meth od of in-
stru ction and under certain c ondi ti on s; but vary t h e meth od 
and ch an ge t he condition and t h e situ ati on be comes ;·tarked ly 
d i f' fere n t. 
A review of t h e educational literat u r e f inds rr any 
promi nent educators wh o to a l arGe degree more or less s ub-
stantiate t he i deals a nd objectives t hat are to b e fou:.nd in 
the well org a.nized Unit and Unit r-Ieth od of present a ti on. 
In o rde r t hat all t h e students will receive o:por-
t unit ie s to develo p des i rable attit ud e s , habits, s k ills a nd 
i nterests we must meet t h em in t heir da ily e xperiences. 
Cur tis1 states, 
11 The c h ief ob jec tive of many courses 
of study in science is t he te a c h ing 
of fact u al information • 11 
Since t he facts, concepts , and princi ples which we 
have e mphas ized i n our teac h i ng are really only t he rEn·l mat-
erials ne eded for c a.rr y ine; on t he intellectual processes 
which g overn behav ior, we s hould reco ~n ize t he incompleteness 
of teach i n g methods wh ich p lace a l most exclusive emphasis 
upon me morization and recall. 
l 
Francis D. Curtis, 11 Some Points to b e Considered 
i n Teaching Elementary Science, 11 Scie n ce Education, XXIV, 
(March, 1940) pp. 12 1-125. 
3 
!'ls Georc;e E . 1 Ax]:;elle said , 
11 We a ll kn ow young peo p le of marke d 
a b ility wh o h ave a certain rec a lci-
tr ance in the t y p ic a l sch ool situa-
tion. Th is does not s pring from ob-
stinacy or social ma l adjus t me n t. It 
spring s fro m an intellec t u al uncon-
g e n iality o f t he school atmos phere.--
Vle h ave to ed ucate in multi t ude s 
and our popul a tion i s h i ghly mobile. 
We must or g a.n ize our sch ool program 
i n courses a nd s ive cre d it and g rades 
i n order t hat a course taken in one 
sc h ool may f it elsevrhere .---As a re-
s u l t, our e n1phas is is u pon me mory 
and s kill and . spe8 i fi c contest materia ." 
Re ce n t articles a nd re ports dealing with elementary 
and secondary school science show that there is a definite 
chang e .of e mphasis for nature study, which science was form-
erly called, to true science wh i ch meets t h e needs o f t h e c h ild-
re n in t h eir daily lif e, a n d wh ich g i v es t he m many oppor~unitieE 
l 
George E. Axtelle, Science Education, XXXIV, No. 3, 
(April, 1950) p . 162. 
for deve lo p ing their own abilities a nd interests. With 
t h is c h ange o f e inphas is a nd ob j ective, t here naturally - lUSt 
b e a change i n t h e te a c h ing ue thad . 
Gemmuil1 states, '' t h e meth od must be c hang ed from 
t h e tra.dit ional p l an 
----- le arn t h e sub ject matter as t h e 
u ltimate goal ---- - -- to one wh ich would answe r t h e se 
que s ti ons: 
l. Doe s it meet t he real need s in 
t h e daily lives of t h e c h ildren? 
2 . Is it he l p ing t o de v e l op them i n -
to u seful me mbers of society? 
3. Does it g ive t he m an opportunity 
to develop t he ir own interests 
and abilit ies? 
Throug h a student i n t e re s t-centered progran1, t h is 
f a ctual me t hod d i sappears . The trad itional uninteresting 
h i g h l y theorized material which h as b een t h e gu idin · fact-
or in the p l anning o f science progr ams has no p l a ce in to-
day 's second ary school science proe;r a i s • . Science t eaching 
s h ou l d b e appro a c h e d f ra n t h e standpo i nt t h at l earni n0 is 
n ot e. passive proce ss but a dynamic, assimila tive process, 
l 
A. 1·1 . Ge mmui l, "Curricu l um for the Ele. entary 
Schoo l , " Science Education, XXXII, (Januar y , l 9 39 )PP . 27- 30. 
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and t hat learning takes place under t hese stimu lating con-
ditions of real li f e in which t he pupi l part icipates in 
activities which h e help s to i n itiate , a nd for whic h h e h i -
1 
self sees a need • 
Waters2 points out t he f ollowing in a study h e 
made of the a pplication of an e ducation al t heory to science 
instruction: 
1 
l. Pup ils s hould study and investi g ate 
t h ose problems which are reco gn ized 
by t h em personally as being worthy 
o f t heir e ffo rt. 
2 . Wi t h but fe w excep tion s, t h e prob-
lems and to pics selected by t he pup ils I 
for study were BJnong t h ose co -m10nly 
i ncluded i n conven tion al phys ics, . 
c h e mistry, and biolog y textbook s. 
3. The pu p i ls expressed as a value 
studies involv ing skills and in-
forma tion v.rh i ch t h e y felt possessed 
functional usefulness. 
S. R . Slavson, and Robert K. Speer, Science in 1 
the ew Education , New York : Prenti ce- Hall Inc., 1934, pp.25-26. 
2 Euge ne A. \vaters, 11 A Study o f t he Applicati on of I 
an Educational The ory to Science .Lnstruc tion, 11 Contr i -outions j 
to Education No. 864, Teac hers Colleg e, Columbia Univers ity, ~~ 
Bureau of Publications , ~ew York, 1942 , pp . 116-118. 
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Wate rs 1 furth er sta te s , 
11 Class wor k s h ou l d b e g in with pu p il and 
te a c her expression of t he i n terests 
- ' 
questions, prob lems, and p l an s wh ich are 
o f f'el t i mportance to me:nbe r s of the 
class , and a se lection of t h ose wh ich 
pupil a nd t each e r f eel a.r e >vorthy c:m d 
p os s i b le o f pr of it able stud y . Th e pu-
p ils expre ssed a s a v a lue t he o pportuni-
t y to s h are in t h e s e lection o f prob lems 
e.nd to p ics f or study e.nd felt t h at. more 
value was d erived by t h is procedure. 11 
-T k • 2 t t h t h o p 1ns commen s _a, 
11 The selection, deve l o pme n t, a.nd directio 
of t he experience is a cooperative under-
tak ing in wh i ch pu p ils and te a c her work 
together tmder t e ac her guidance • 11 
Croxton3 writes that, 
11 Th e doing o f t h e project is qu ite a dif-
ferent matter from observing t he e xecu-
tion and d e s cription or even e xplaining 
1 I b id, p. 184. 
2Th omas L. Ho pk ins, Inte gration: Its :tvieanine; and Applica-
tion D. Ap p leton-Century Comp any, :New York, 1937, P. 254. 
--' 3·~v . C. Croxton, Science in Elementary Sch ool, . Mc Graw- Hill 
Bo ok Company, Inc., New York, 1937, p . 60. 
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it. If the teacher carries it on en-
tirely as a demonstration, it _ is she 
1-vho meets most of the difficulties and 
surmounts them." 
Hunter1 po ints out the fol l owing : : 
11 It is evident that, as native interests 
can be utilized much can be done toward 
the organization of subject matter wh icl 
wil l be taken over wholeheartedly by 
the pupil. The ide a of the units devel 
oped in science courses is sound b e-
cause this org ani zation is built around 
the native interests of the children. 
Science s t udy must be made pract ic a l to 
be interesting to young people." 
2 Billett states t hat, 
11 In every course pup ils should have a 
chance to eng ag e i n activities which 
t he t eacher may know are like ly to re-
sult in valuable learning products, . but 
wh ich t he pu p il pursues solely because 
of h is i ntrinsic interest in the acti-
vi ty. 11 
lGeorge W. Hunter, Science Teaching , American Book 
Compa~y ' ~R~yy8:r:kl3il~~tt, PF'uH~amentals of Secondary School 
Te __ a.cJunrr Hou t§huon Hi fflln Company • . Boston. 1940, p .500. 
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In the Forty-Sixth Yearbook 1 of the National Society for 
the Study of Education, the follO\ving principles are suggested 
for t he organ ization of the chemistry course: 
l. The content .should be organized into fairly 
large units, e ach focused upon some functional 
understanding or principle. 
2. The sequence of units should be plru1ned to pro-
ceed from the generally less diff'ic_ultc principles 
to those of greater difficulty. 
3. The organization should stress relationshi ps 
(between units as well as within units). 
4. The organization should stress problem-solving 
as such with emphasis upon the associated 
skills and attitudes •. 
5. The classroom. work should be constantly related 
to the larger life outside • . 
6. The organization should stress. the deve.lopment 
of interests and attitudes • . 
To sum up briefly the above st a.t~ments and co umenta of 
eminent educators seem to stress the desira:bili,t;y · and need for 
a teac hing method which makes provisions for the following : . 
a) Provides for the volunte.ry partic.ipation of 
l Nat i onal Society for the Study of Educ.ation. Forty-
Sixth Yearbook, Part I, Science Education in Ailleric·an Schools,. 
University of Chicago Press, Ch icago, Illinois, l947,p.202. 
the pupils in activities t hat will produce 
desir able at t itudes, such as t hose of open-
mindedness and cooperation, , 
b) That will stimulate inte rest and provide 
e xperiences conducive to le arning , 
c) Make provisi ons for i ndividual dif ferences, 
and, 
d) Provides for a c:ooperative te acher-pup il 
planning of activities. 
All of these are t he ob jectives which are fully incorpo-
rated in a l'lell org anized Unit and Unit 1'1ethod of Te aching •. 
In t he Optional Relate~Activities 1 of tha Unit Method, which 
t he students do only if interested in t hem, we not only pro-
vide for individual differences, but supply means for tha 
voluntary participation of t he pupils as well. . In the .. C.ore~ 
activities vte supply them cert a i n experien ce s, set t hem c.ert.ai· 
problems, . and help t hem see certain relationsh ips; t hereby 
g iving direction to t heir t h inki ng Blr!ld learning , , and greatly 
aid t hem i n t he deve lopmen t of desir able h abits, skills, and 
attitudes • . 
It is expected t hat s cience t eachers will meet t he ch a l-
l enge of continually developing new materi als and of rework i ng 
t he old i n t erms of closer , more vit al rel ations h i p to t he 
problems of t he students v1ho are learning . . The many opport.u-
1 I b id p . 507. 
========~====================================================~======-
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ni ties for interdepartmental organization in the Unit l1!1e thod 
provides a valuable means of br i nging several poin ts of view 
to b ear on many problems, , rather than leaving the students 
to piece together alone ideas derived from a · number of isola-
ted cases. 't[e should constantly be alert to point_ out how 
the pupil's scientific knm'iledg e and ways of working are. 
vitally related to mak i ng life richer for h i mself and more 
successful for the community a.s a whole • . 
Vve, as teache rs, have many opportunities to stiEmlate 
pract ice of democrg.tic procedures in our classrooms. We 
should po int out t he i mpor t ance of sharing r esponsibilities 
and of the sign ificance e.nd pr i v ile ge of being ab le to voice 
one's op inion freely. It is every teacher's responsibility 
to t ry and develop in his students the habit of thinking in 
an unprejud iced way about issues, problems, and people. Vle 
should strive at every possib le opportuni ty to provide the 
student with activit ies . and experiences -vrhich will teach him 
to be tolerant, become aware of h is civic responsib ilities 
and obl i gations and to develo p those interests, underst<mding s 
and attitudes which are c a lculated to make for the develop-
ment of better civic behavior. 
It is the energetic and resourceful chemistry teacher 
who makes the most of the many opportunities which present 
themselves in this field, to e n c.ourage the student in his 
study of c hemistry and to show him the mEmy applications it._ 
has to t h e world in which we live. For truly science is a ==========9r=================-==~~=-=-======~~~=-================~===============~~~~-~~~ 
prototype of h um an pr ogress. I t s advances in experiments 
and tec hniques, in knowledg e and understanding--- t hese are 
never undone. Even its errors and its byways t urn out, 
usually before many years have passed, to be em enric hment . 
and not a perversion of knowledge. In its ap~lication to 
practice, . in extending the resources available to mankind, 
as well as in its evergrowing contributions to human und_er-
standing s it has sustained and nourished t h e very ideal of 
the progress of human civilization. 
Viewing t h e Unit Method of org an izat ion from t h is per-
s pective, it be comes obviou s to all t eachers t hat . the devel- 1 
opn:ent of orig inal t h ink ing , pr actice in the art of self 
direction and disci pline, and t h e t rue recognition of t h e 
really worthwhile elements in a g iven task will, be yond a 
doubt, prove i nv a l uable to our young men and young wome n . 
It i s , a s has been s h own in t he preceding pag es, in t h e 
mi nds o f many o f our presen t-day educators, t he very a b sence 
of t hese ab i li ties t h at so so re ly p lague the world today. 
And trru. s, all t h e peo ples of t he civilized world are grop i ng 
for the real t h e l a sting value s t hat must. be sought and 
found i f man is to enjoy the heritag e that science is now 
in a position to stretch b efore h i m. 
I 
I 
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Justification of Subject Selected: 
The purp ose and fruits of science are discovery 
and underst anding . The average student does not ap-
preciate the vital role of oxygen, which is undoubtedly 
one of t h e most i mportant elements in his environment. 
As has been illustrated in the fore g oing para-
gra phs t h e consensus of the majority of prominent edu-
cators, seems quite definitely to indicate that the 
student is apt to be more interested in things that are 
a part of his everyday life. It was with the hope of 
meeting t h is inte rest t hat this particular subject was 
selected to acquaint the student with the realization 
t ha t without oxygen life would b e i mpossible. 
Since oxygen plays such a varied role in the 
community and the individual's existence,. the princi-
p les and applications wh ich involve t h e uses of it 
whether it be for the home, industry, or human need, 
can be found in most of the recent elementary and 
secondary science texts which can be used for refer-
ence and guidance. The experiences provided by this 
particular unit should augment t he pu p il's understand-
ing and appreciation of the value of oxygen. 
The pupils: 
Th is unit h as been constructed for use 
in any eleve n th or twel f th grade class consist-
ing of from twenty to thirty pupils or less. On 
the following pages tables will be found which 
provide s pace for the tabulation of pertinent in-
formation in regard to the pupil's a c ademic back-
ground. 1Iuch of this information may be obtained 
from their individual records in the school f iles. 
The pupils are listed numerica.lly. For 
example, the first name on t h e list .. will be sym-
bolized by the fi gure 11 1 11 the second by the fi-
gure "2" and so on. If t h is information is not 
adequate it may be supplemented by a question-
naire. Th is questionna ire should cover such 
fields as the students' sub ject preferences, in-
terests, hobbies, outside a~tivities etc. 
Th is t ype of i nformation not only ena-
bles the teacher to obtain a bro ader understand-
ing of the pupils, but provides a means for the 
formulation of other activities to cope with and 
provide for individual differ e nces. 
QUESTIONNAIRE FOR P UPIL H JF OFMAT I ON 
l. l\J ame 2. Ag e ________________ __ 
3. Birthplace 
4. Father's Name 5. Occupation _________ __ 
6 . Mother's Name 7. Oc cupation:...__ _____ _ 
8. Education of Father 
9 . Educ.at ion of .Mother 
----------·-------------------------
10. What school sub jects do you prefer? _________________ __ 
ll. Explain briefly why you prefer these ___________________ _ 
12 . Na.me any special interests or hobbies that you may have 
13. Name any outside activities that you tal{e part. in, such 
as clubs y ou belong to, .. sports you play etc •. 
16 
Table 1 
PUPILS' lviENTAL ABI LITIES AND OT HER TEST RESULTS 
CERONO- ORAL SILENT CO:iYIPREHEi'IJS I Oi' 
PUPIL LOGICAL l\1 ENTAL I .Q. READING READING Il\j 
AGE AG·E GRADE GRADE RE"AD I NG 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
e 
~ 
I' 
J..{ 
TABLE 2 
PUPIL BAC KGROU1 -D I.l FORi-IAT ION 
I BIRTHPLACE OF NO . OF EDUCATION OF PARENTS 
PUP IL AGE PARENTS CBILD-
lvi OTHER FATHER REi\- r"IOTHER FATHER 
1 I 
2 
3 
' 4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23_ 
24 
25 
26 
27 
28 
29 
30 
e 
.. 
' I 
I 
.L6 
i 
! 
TABLE 3 
I 
PUP IL SUBJECT PREFERE JCE .ADD HOBEI ES OR INTERESTS 
I 
PUP I L SUBJECT PRE.t< 'ER.t.;i'iCE HOBB IES,INTEF~STS OUTSI DE AC'I'I VI TI ES t 
I 
I 
1 I 2 I 
3 
4 
5 
6 
7 
8 
9 
10 I 11 
I 
12 
13 
14 
! 15 
16 ' 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
-
' 
I 
' 
I 
Definition of Terms: . 
The Delimitation:~ 
"The delimitation of the unit is a statement of 
the lesser learnin3 products which are components of the. 
unit which are to be made the direct object of instruc_-
tion within a g iven time allotment _. 11 
The Unit Assignment: 2 
"The unit assignment is the best sequence of 
teacher-pupil activity which t he teacher was able to 
arrange prior to the opening of the teaching-learning 
cycle ••• it leaves t he teacher free to (1) c apitalize 
on related current events ••• and (2) modify the assign-
ment for each pupil as .. the need arises. 11 
Optional Related Activities:3 
Optiona l related activitie s are activities 
wh ich t he pupil may engage in because he v-rants to. Al-
....... ~ ..... _ ., "''·~~ 
though these are optional, if the pupil selects one, 
he is expected to select it with t he teacher's approval 
'· 
and to pursue it under _the guidance of the teacher •. 
Core Activities:4 
The term core ac tivities is applied to tha~ 
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lRoy o. Billett, Fundamentals of Secondary Sc.hool 
Teaching , Houghton Ivi ifflin Company, Boston, 1940.p.504 •. 
2 Ibid , . p • 5 o6 
3Ibid, p. 507 
4rbid, p . 507-508 
part of the unit as s i gnment in vfhich it is expected 
that most pu p ils----perhaps all pupils----will en-
g age direc.tly at some time, in some way, and to 
some extent. 
The Study and Ac.tivi ty Guide :1 
Thi s is a t ypewritten or mi meogr aphed guide 
which is given to each student. It consists of a 
list of questions or statements with a bibliography 
and directions f or use. A code is used by means of 
whi ch t he reader · will find it poss ible to separate_ 
at a g l ance the items which the teacher. intends to 
r eproduce on the study and activity guide from the 
items which he proposes . to present to t he pupils in 
some other way. By me ans of it t he teacher can be. 
in as many plac.e s at · ~nee as t here are pupils in 
his classes. 
r he Pre-Test: . 
The pre-test and fi nal test are for all prac-
tical pur poses the same, _ t hat . is t here is only a 
slight modification in t he wording , or the order of 
t he quest ions has been changed. It is an ob jective 
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t ype test including true and false type question, match-
ing type statements, multi ple type questions, and 
1 Ibid • p • 5 08 
completion type stat ements with one .or two word an-
swers. Its primar y purpose will be to measure the 
educational growth of the students when its results 
are compared with t hose of the final test which is 
g iven at t he end of the unit presentation. This 
test mi ght also prove of value and serve. the follow-
ing purposes: 
1. It may serve as a basis for recall 
of previous experience or knowledge. 
2. It may enable the teacher to pick 
out. those pupils who are poorly equip-
ped in the subject of this unit and 
those who have a good smattering of 
knowledge. 
3. It may stimulate interest in the new 
unit and 
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4. It will aid t he teacher in knowing 
which of the core ac_tivities to stress. 
5. It may serve not only as an intro-
ductory activity, but perhaps as a 
motivating one as well by gett.ing the 
pupils interested in comparing scores 
of the pre-test with the final exami-
nation. l __ _ 
The F ature of a Unit: . 
According to Dr. Eillett1 a unit is a statement of 
changes to be sought in pupils' capacities for and 
tendencies toward behavior. A unit is a unit of learning 
and not a mere top ic of someth i ng to be learned. A unit 
for teaching should be organized into t he two parts, which 
in turn are furthur subd ivided as follows: . 
1 
I. Ul'JIT OF LEARNING 
i. General Statement 
ii. Itemized statement of delimitation. 
iii. List of probable indirect and incidental 
learning products • . 
iv. List of material references for tee.cher' s 
use only . 
v. Tentative time allotment. 
I I. 'JS rr OF VIORK 
A. Unit Assignment 
i. Introductory activities. 
ii. Core Activities. 
iii. Optional Related Activ ities. 
iv. Eva luative Activities. 
B. General Study and Activity Guide 
C. List of l\i[ aterials and References for 
pupil's use. 
I b id. pp . 505-509 
The Unit f-ie thod : 
The unit method is a c ompre hen-
sive and s ys tematic way of taking into conside-
ration and ap plying vti th due emphasis every 
basic educationa l princi ple t hat . should func-
tion in every good teach ing-learning cycle. 
cj_ 
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C H A P T E R I I 
THE UL IT OF LEA..RNH JG BASED ON THE TOPIC OXYGEN 
Th e Un it: "The Role of Oxygen in Our World ." 
General Statement of t he Unit:. Oxygen is the most i m-
portant element in t he world, and on e of t h e 111ost 
abundant . Iii thout oxygen anima l life is i rnpo ssib 
The ele :ne n t oxygen p l ay s a very i mportan t part in 
t he b lood stream and tis sues of our bod y . 6xyg en 
i s esse nti a l for combustion an d heat. In order 
to appreciate its tremend ous i mportance we mu s t 
know some o f' its actions , properties, a.n d uses . 
It is i mportan t t hat \ve underst L' nd t h e equa lly 
vital role of oxygen t hat exists in the a ir, t h e 
water, and a ll livin g t h i ngs. 
Delimitation of t h e Un it: 
1. Pure oxy gen i s a colo r less, odorless, taste-
les s gas, sliEShtly soluble in water, and a 
little heavier t han a ir. 
2 . It h as be en deduced fro m cert a in gas laws t h a t 
molecules of oxygen contain two atoms. Th e 
corre ct f orillula f or oxygen is t herefore 02. 
3. Oxye:;en · for li1 S ne arly 21 percen t (by vo l ume) of 
t h e a t mosphere. Comb ined with hydro e;en, it 
constitute s 88.82 percent (by weight) of£ ater; 
comb ined with silicon and certain met a ls it 
ma.kes up nearly half of t he earth 's cru st. 
4. Oxyg en may b e prepared by heating potassium 
ch lorate. 
a. For laboratory experime n ts, oxy gen is 
mo s t conven ien tly prep ared by t h is meth od 
b. Commerci a lly Oxyg en is pre pared from 
liquid air or by t h e electrolysis o f wate • 
5. Oxyg en causes a g lowing s p linter of wood to 
burst i n to flame. Th is is a test for oxy gen. 
6 . Oxyg en is essential to li f e. It not only 
main ta i n s li f e, bu t tn a.y be a me an s of sav i n g it. 
a. With out it'we suf f ocate and li f e is i m-
possib le. 
b . 'I'h ere are patholo t:~ i cal 
ia) i n whi c h t h e cells 
r e ceiv e anor:inal supply 
b lood. 
conditions (anoxem l 
of t he b od y do no t 
I 
o f oxygen f r om t he 
c. One hundred cc. of b l ood c ont a i n s abou t 
t wenty cc. of oxygen. 
d. In certain cases (asphyxia, drowning) 
oxygen is administered in a concentrated 
form by means of an inhalator, to bring 
~b 
the oxygen content of the blood u p to n ormal 
e. When we bre a the oxyg en is taken into the 
lung s passes tl:1roug h thin me mbranes into the 
blood, where it is 11 taken up" by t he he mo-
g lob in of the red blood cells wh ich act 
as messenger boys to deliver the life-g iving 
oxygen to all parts of the body. 
f. It oxidizes a part of our food, thus keepin g 
the body warm a nd supplying it with heat 
energ y for doing muscular work . 
g . A person in normal health consu."Ties . oxyg en 
at a rate wh ich de pends upon his as e, h eight, 
weight, or sex. The standard rate is known 
as basal metabolism. 
h. In some cases, a doctor illay learn something 
about a person's illness by making a basal-
metabolism test. Such a test is made by 
administering pure oxyg en to the pers.on and 
measuring the number of' liters of oxyg en he 
consumes in a measured interval of time. 
7. Certain bacteria ce.nn ot live in the presence of 
oxygen. Anaerobic bacteria such as tet.anus 
bacilli, cannot live in the presence of oxygen, 
and consequently wounds infected with this type 
of bacteria are ke p t open so that these org anisms 
may b e oxidized and killed. 
8. The h uman b ody cont a ins about 65 percent of 
comb ined oxygen. Vegetab le matter contains 
about 40 percent. 
27 
9. I n strenuous muscular exercise such as fast 
runn ing , fifteen to twe n t y times a s muc h 
oxygen may be required a s during rest., Oxy-
gen we inhale burns l actic acid in our b odies 
and supplies energy tha~ we need. 
10. Th e average pe r son requires 15 to 18 ce . • of 
oxyg en per inspirat ion, even when t he body 
is perfectly quiet. Where t h ere is a pro-
long ed deficiency in the oxyg en content of 
the b ody it may r e sult in damage to t h e cells 
of t h e nervous system and t h e heart •. 
11. Oxygen is carried in solution in the blood 
of the plasma. Oxyhe mog lob in is a comb ina-
tion of oxygen with t he he moglobin of the. 
red blood corpu s cles . 
12 . Oxygen is important in maintaining body 
te mperature and as a source of body e nergy. 
The oxygen circulate s t hrough the tissu es 
in a ll part s of the b ody, oxid izing the s ug-
ars, f a ts, all broken down material, and 
ce rt a in poisonou s s ubstances, with t h e for-
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mation of heat, water, lactic acid and c arbon 
dioxide. 
13. The animals and plants work together in keep -
ing t he emount of oxygen in the air constant. 
The eas, carbon dioxide, is exhaled by the 
lungs of animals, and is used as food by t h e 
plants. The carbon is retained in the tis-
sues of the plants, while the oxygen is retur n 
ed to the air and utilized by the animals. 
14. Physicians sometimes use oxygen for patients 
who are suffering from pneumonia or s uffoca-
tion. 
a. Pneumonia patients whose lung s are so 
congestea that t hey are likely to die 
for lack of it are given oxygen to in-
hale into t he ir systems. 
b. Artificial oxygen apparatus is employed 
in fighting mine fires and in rescuing 
miners trappe d by poisonous gases •. 
15. Th e concentration of oxygen we inhale pro-
duces varying effects in our actions. 
a. Too little oxygen and an excess of car-
bon dioxide, such as may be found in an 
i mproperly ve n tilated room leads to fa- -
ti gue. 
b. Too much oxygen would exhaust us in a 
little while. If we increase the oxygen 
in the air it has an effect similar to 
t hat of a number of stiff drinks. 
16. At higher levels the percentage of oxygen 
diminishes to the point where all body func-
tions are more or less inhibited. 
29 
a. Res piration may fail at high temperatures, 
resulting in fainting or the heart itself 
may fail to function. 
b. It has been found that aviators wh o as-
cend to high altitudes where t he air is 
rarefied, get only half the usual amount 
of oxygen and so become "dopey". If this 
condition were maintained for a long pe-
riod death could result • . All military 
e.ir ple.nes flying over an altitude of 
10,000 feet are now equipped for the use 
of e.rtificial oxyg en. 
c. Oxygen in tanks is used to restore the 
supply in the atmosphere of submarine boats 
and in tunnelling • . 
17. Fish need oxygen for the processes of life. 
a. Oxyg en is not very soluble in water, but 
if it were not for its slight solubility 
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neither fis h nor other animals could live. 
b. Fish do not need as much oxygen as we do 
because they are cold-blooded. That is 
the reason why whales, seals, porpoises, 
a nd other marine mammals have to come to 
the surface at inte rvals for more air. 
18. Oxygen help s to keep t he eaxth fre ed from a 
surface accumu lation of dead plant and animal 
products . The oxygen in t he air aid.s in reduc-
ing t h e refu se organ ic matter by a process 
called decay, which is furth er hastened by bac-
teria. 
19. Oxyg en is essential for coillillercis_l power and 
heat. Power and heat for commercial purposes 
are obtained chiefly by t he burning of coal or 
oil, in wh ich oxyg en from the air plays a large 
part. It requires at le a st t hree tons of oxygen 
to burn one ton of coal • . 
20. Oxygen is used in industry to produce high temp-
eratures • . 
a. It is used in t he acetylene torch and in 
t h e oxyhydrog en b lowpi pe for welding metals, 
ma king l ocal re pairs on machinery and for 
cutting of iron. 
b. It is used for enrich ing the air in the 
blast furnace and the steel conve rter. 
c. It is often e mp l oyed in burning out the 
carbon from automob ile cylinders. 
21. Liquid oxygen, together with liquid fuels, 
like alcohol, was used to propel roc ket bombs 
during World \var II. 
22. Oxyge n enables us to heat our h omes and cook 
our food bec ause it supports the combu stion 
of fuels. 
a. Oxygen supports combustion, but is it-
self incombustible • . 
b. Fire con sists of heat and light produced 
by the rapid uni on of fuel with oxyg en • . 
23_. l'vl any disastrous fires have b een started by 
s pontaneous combustion. 
a. Spontaneous combus t ion usually results 
when readily oxid izable material accumu-
lates in a p lace where t h e heat produced 
by t h e slow oxidation of this material 
cannot escape • . 
3_1 
b. Th e heat produced by the oxidizing mate-
rial raises the temperature until t he 
material reac hes its k indling temperature •. 
c. Fire s have b een started in paint s h ops 
wh ere cloth s soaked in linseed oil have 
been p iled i n a n out-of-the-way corner. 
d . If hay is stored i n a b arn before it is 
e dried sufficiently' ferme n t e.tion of t h e_ 
h ay ma y occur, producing enough heat to 
set it on fire. 
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e. Hi gh temper a t u r e s are an a id to comb ustion 
f. Combustion increases with an add itiona l 
exposure o f surface. 
2 4. An explosion is d ue to very rapid combu stion 
of certa in g aseous mi xtur e s, such a s illumi n -
ating gas, . and air, or f ine l y d ivided org anic 
matter---- charco a l, coal, flour, starch , etc.. 
sus pend ed in air. 
2 5. Th e carburetor evapor a tes gasolin e arJ. d i x es 
its v apor with air to form an exp losive mix-
ture. 
a. Successive explosions of g aseous mix-
tures co n t ain i ng oxyge n in t h e c y li nders 
of a g as e ng ine furn ish the force to 
driv e a car. 
b. In t h e eng ines of the millions of auto-
mob iles and truck s in t he U. S. and t h e 
wh ole world t here may b e some 30 to 60 
exp losions every second. 
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26. Tons of expl o sives are used in warfare. 
a. The farmer uses explosives for blowing 
out stump s when clearing h is land and 
some times for loosening compact sub-soil. 
b. The road builder uses explosives for 
blasting rocks in cuts and tunnels. 
c. Explosives have been used to break up 
extensive ice g orse s and thus prevent 
t he destruction of bridges which mi ght 
have been carried away by the swollen 
rivers. 
27. An oxide is a compound of two ele ments, one 
of which is oxygen. · 
a. Al l fa1niliar metals, excepting silver,. 
g old, and platinum, when he ated, unite 
with oxyg en •. 
b. Compounds of oxidation are called oxides. 
c. Rusting is an example of oxidation. 
d. lve find many oxides i n nature: for 
example, t he oxides of such u1e t a ls as 
iron , co pper, tin, and zin c. 
e. The corrosion of metals, due largely to 
oxygen, costs our country hundreds of 
million s of dollars per year •. 
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f. Certain natural oxides are called ores, 
f or t h ey are mi nerals fr om wh ich useful 
me tals are extracted. 
g . Reason wh y we paint our houses and can 
our fruit is be cause of oxidation. 
h . Oxidation and bacteria de cay fruit. 
i. The paint seals of f t h e air and preve nts 
rusting and de c a y • . 
j . In paint i n g our homes the oxyg en unites 
with t he linseed oil i n t he pai n t form-
i n g a tou gh horny coating which protects 
p a i n t ed s urfaces from furt he r oxidation. 
28. Compounds which are already fully oxidized are 
not combustib le • . Sandstone, granite, asbestos, 
br ick, porcelain , g lass, and water are fire-
proof be c ause t hey are f ully ox i d ized •. 
29. Iron will burn in an atmosphere of oxygen. I n 
an atmosphere of oxygen everything burns with 
greater i n t ens ity t han in air • . 
30. The c h ief che mic.a l proper ty of oxygen illus-
trates che mical change. 
31. Elements which sometimes occur i n two or more 
forms are known a s allotropic forms . 
a. Oxygen exists in another form known 
as Ozone. 
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b. Ozone is so powerful t h at it ~ quickly 
destroys t he elasticity of rubber, 
bleaches many dyes, destroys ge r ms very 
r apidly and tarnishes me tals lik e mer-
cury and silver. 
c. Ozone is an active oxidiz_ing ag ent and 
is very effective as a deodorizer and 
disinfectant. 
d. Ozone h as been u sed for t h e pur ifica-
tion of water by some European cities. 
e. Ozone is u sed f or blea~hing oils, waxes, 
flour, and starch . 
f. The traces of ozone in t he air are i m-
portant because of t heir power to ab-
sorb some of the u ltra-violet rays 
from t he sun and t hereby prevent t hese 
radiant rays from causing fatal s un -
bur n s and blindness. 
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PROBABLE INCIDENTAL P~~D INDIRECT LEARtTING PRODUCTS 
1. The students should improve their ability to loca.t.e, 
evaluate, . and org anize information intellig ently. 
2. The students should learn hmv to handle laboratory 
equipment skillfully • . 
3 . Some of the students may acquire the attitude of 
being inquisitive while in the laboratory and of 
reg arding the laboratory experiments as a means of 
finding out something • . 
4. Some should become critical of t heir own conclusions 
recognizing them as being tentative at best • . 
5. Some may develop an appreciation of the value of 
suspended judgment, o penmindedne ss, and c.le ar t h ink-
ing. That by using these they will help to prevent 
formulation of erroneous conclusions. 
6~ The students should develop the ability to solve 
prob lems individually, and t h e attitude of cooper-
ation when working with others in a group. 
7. Th ey s h ould develo p the ability to think in term& 
of the science subject, . to observe and ge neralize, 
and to follow steps in scientific procedure .• . 
8. Some should develo p an attitude af wanting to know 
the truth. 
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9. The students should i mpr ove their ability to select 
from a mass of data those facts which are . directly 
involved in the solution of their particular problem. 
10. Th ey s h ould develo p certain ideals such as accuracy, 
neatness, and promptness. 
11. Science is quantitative and exact or it is not a 
science. Th e students should develop a skill in 
reading science mate rial planned and written for 
t heir level of develo pment. They should develop 
skills for ob taining exact measurements. 
12. They may appreciate the fact that it has . been through 
science t hat man has made continuous and progressive 
achievements, and thereby develo p an attitude of 
consideration and respect for the findings of scien-
tists. 
13. All of the students should h ave t heir ideas and at-
titudes on such matters as health, and citizenship 
somewhat modified. 
14. Thev s hou ld develo p an understanding of' t ho se gen-
" 
eralizations of science that ~ citizen of' a modern 
democracy needs in order to solve everyday personal, 
social, and civic problems. 
15. l-'iost of the students should acquire an unders,tanding 
lj 
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and appreciation of the i mportanc_e to oneself 
and to society of the applications of scientific 
generalizations an d discoveries • . 
16~ The pre sen tation of this unit s h ould aid all of 
the students in the deve lo pment of wholesome in-
t e llectual interests and appreciations wh ich 
lead to a desirable use of leisure time. 
17. All of the pupils should have their a ppreciation 
of t he role t h at oxygen plays in their lives 
greatly intensified. 
----=---=-=-=-·w== 
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T H E U N I T A S S I G N M E N T 
The Role of Oxygen in Our World 
Tentative time allotment, three vveeks. , 
Introductory Activities: 
The following experiences are planned to 
introduce this unit on Oxyg en to the pupils: 
a~ There will be a t h irty minute lecture to 
introduce the unit. This lecture will cover 
t h e preparation of oxyg en, . its various 
properties, and use s . The lecture will be 
accompanied with a demoh~tration which t he 
teach er had previously set u p to save time. 
During t h e lecture the teacher will de-
monstrate the prepar a tion of oxyg en fro m 
potassium c h lor a te. He will show t hat t he 
ga s is colorless, by having one or two of 
the pup ils come u p to the demonstra tion desk 
and trying to t a ste and smell the g as, he 
will s h ow that it is tasteless and. odorless. 
By _dropping a g lowing match, and later by 
burning iron filing s in oxygen he will show 
the high de gree · to which oxygen support.s 
combustion. Th e remainder of the hour will 
b e devoted to discussion a nd an swering ques-
tions. 
II 
I! 
I 
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b. The next period will be devoted to the: 
showing of t he films Oxygen1 and Oxida-
tion and Reduction2 which will be intro-
duced by a five or ten minute dea:cription 
of the films and of the particular points 
that the pupils are to be sure and observe. 
c. The students will then be handed their 
Study Guide Sheets which contain direc.-
tions as to further procedure. 
1 Coronet, Ideal Picture Corporation, 40 Uelrose St., 
Boston, , Ivlass • . 
2 Encyc:lopedia· Britannica·, 22 North Wacker Drive, 
Chicago 6, Illinois. Library Research and Film Service. 
========~====~~========-=-=-=-=========-~~=~=-==========================~====== 
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S T U D Y G U I D E 
1. Look over t he printed pages headed For Individual 
Study and Investigation, and start t he activity that 
most appeals to you • . 
2. The list of references for use on the unit of The 
Role of Oxyc;en in Our Lives t hat accompany your 
activity s heets are . listed and so numbered t hat 
t hey may be easily found. l-·Iost of these books may 
be found on ~y desk or in t he schoo l l ibrary . 
3. The items on the ac.tivi ty s heets are followed by 
numbers. These numbers refer to s pecial referen-
ces and the pages on which t h e information may be 
found. For example 2 : . 10-12 means reference books 
number 2 pctge s 10 to 12. 
4. You are to proceed on your own for the next few 
days by followi ng any of t he activities that . are 
listed, , in any order t hat you wish. You should 
h ave all of these activities completed with in 
t r..ree weeks. 
5. Some of t hese experiments may be carried out more 
advante.geously i n working '1'-li t h anothe r student •. 
If you feel t hat thi s ie the case, please get t h e 
teacher 's approval . 
6. A mi meographed copy of' DPTI ,JNAL RELI.TED ACTIVITIES 
e has been posted on the Science Bulletin Board. 
1ore detailed de scription of these acti vi ties are 
in a card file at my desk . These will be g iven 
to you at your request. 
7. You may or may not as you see fit work on any • 
of these OPTIONAL RELATED ACTIVITIES t hat in-
terest you. The work on t hese may be done a~ 
any time that you may choose • . 
B. Be sure and see your teacher any time that t here 
is anything that you do not understand, or wish 
help with. 
II 
.I 
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FOR I NDIVIDUAL STUDY P..ND I N\'ESTIGATION 
(Core Activities) 
The Role of Oxygen in Our vlorld 
Remember you may start anywhere. 
1. Urite in your own words a brief explanation of 
t h e f ollov,ring: . (a) Rus ting of metals; (b) Spon-
t aneou s combust ion; (c) \v'by fine iron filing s 
burn bet ter t h an coarse filings ; (d ) wby carbon 
dioxi d e and water are ahrays found in t he pro-
ducts voThen fue l, such as vvood, coal, e.nd g a s 
is burned. ( 2 : 29-40 ), (14:132-139 ), (6 : 31-47), 
(1:31-47). 
2 . l'viany of us use gas in our h omes wi t h perfect 
safe t y for heating , c ooking and light ing • . V'ie 
use it right here in the lab.oratory without 
mishap . Yet vie sometimes read of h ouses being 
blown to p ieces from gas explosions. How do you 
account f or such explosions? Pa ste on to the 
s heet with your an s wer to t h is ques tion any ar-
ticles t h at you have recently seen in t he paper 
or mag a zines bearing on t h is question. ( 1: 42-43), 
(5: 26 -27), (16: 12-24). 
3. Discuss in writing what happe ns when an exp losion 
talces place. Telling h ow some of t hese e xp losions 
may be preven ted and v,rhat precautions farmers, . 
------- ---=-======-=-=-=---=-==-=-=======-=-=-=============#===== 
I, 
I 
I 
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miners, and flour will operators have to observe. 
(3: 36-37), (6: 27-28), (l: 42-43), (15: 60-77). 
4. Light up a candle, now blow on the flame. Rec.ord 
what h appe ned and \'Thy. Now I want you to take a 
g lowing coal that is at t he d~monstr ation des k 
a nd blmv on it. Record h ow you account for the 
different result obtained from that of blowing on 
the candle • . (6 : 31-47) (13: 252-255) (14:132-139). 
5. vlri te a brief paper of about 250 of your own words 
;;;.s to why you think oxygen is such an important 
element • . (7: 48-49 ), (5: 28-29), (3: 32-49), 
(13: 252-255). 
6. Look up the preparation of oxygen. Prepare some 
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of the g as and write up what you find for its che-
mical, and physic.al properties, and how you found 
these. (2: . 27-31),(4: 149-155), (5: 12-17), (6:31-47). 
7. Invert adry cylinder over a · burning candle •. When 
the cand le g oes out invert the cy linder and add 
lime water • . Sh ov; by a balanced cl1emic.al equation 
t he reaction t h at took plac.e • . What does t h is prove ·? 
Why does the candle g o out? (2: 33-35), (6: 31-47). 
8. Learn t h e following terms, record them in your work 
book, . and be able to g ive the definition of each : . 
Oxidation 
Reduction 
Combustion 
Elec.trolysis 
Ki ndl ing Temperature 
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Spontaneous Combustio 
Explosion 
Catalyst 
Ozone 
Allotropic Forms 
9 . Write a brief paper on how · t he Blllimals and plants 
work together in keeping t he ~1ount of oxygen in 
t he air cons t ant. . ( 3: 46 -48) , (6: 31-47), 
( 13: 252 - 255) • 
10. Carefully weigh some very fine Iron powder in a 
/ 
porcelain dish. Rec.ord your weight. Remove t he 
' dish from t he balance and gently heat until the 
iron beg ins to burn, remove . from t he heat and 
allow it to cool and t hen weigh it again.. Vf'nat 
are t he results? ~nat _ does t his prove? Give the 
chemic al reaction that took place, by means of a 
b alanced equation. (1: 39-41), (15: 60-77). 
11. Explain in writing whether you could tell from t he 
look s of a compound rThether or not it cont a ins 
oxygen. Give an example or two wh ich proves your 
answer is correc.t. (2: 37-38), (6: 31-47), (14: 132-
139 ), (16 : 12 - 24) •. 
. 12. Asstmle t hat Potassium Chlorate is 39 per cent oxy-
gen. If 12 grams of Potassium Chlorata and 3 grams 
of f.l anganese Dioxide are. used to produce Oxygen, . 
h ov-1 much of each product is left in t he fla·sk ? 
Run this as an experiQent. How does t he theore~-
ical answer ,compare vl i th your fac.tual one? 
(5: 20-22), (1: 36-37), (6: 31-47). 
13. vfri te a short paper on h ow oxygen help s to kee.p 
the earth freed. from refuse organic_ matter , . and 
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how it prevents the pollution of water. . ( 3: 40-41), 
( 4: .152-153). 
14. Jot down in your work book suggestions for differ-
ent methods for putting out a . fire, and a brief 
explanation of how each would act • . (1: 38-45), 
(6: 31-47), (15: 60-77). 
15. Prepare a ' s hort biograph ical sketch on the life 
and work of t he following men: . 
a. Joseph Priestley (1733-1804) 
b. Antoine Laurent Lavoisier (1743~1794) 
c. Kar l Vi . Sch eele ( 1742-1786). 
Information for t he above may be found in the en-
cyclopedias in t h e school or city library •. 
16. When you feel "dopey'' v1ill breath ing more oxygen . 
make you feel "more alive"? Th ink this over and 
write your answer to the question. 
The test by expirement: . W'nen you feel "dopey" 
breathe fresh air de e ply and rapidly a fev1 times, 
rest a moment and re peat t he process at, le ast six 
II 
I 
times. At the end of five minutes do you feel 
any different? \'ihy not make t his plan a. pre lim-
inary practice for every study session, and for 
every clas s if your work becomes uninteresting • . 
Test this idea thoroughly and write a b.etter c.on-
clusion than this one: " Oxygen is free . for t he. 
taking." V{l1.y be "dopey" when you can be :tsnappy 11 ? 
17. Prepare a brief statentent of the best t h ing for 
you to do :tf your clothes Y.Tere to c.atch on fire. 
On t he same paper also g ive a short explanation 
of whether you would use sand or water to put out 
a gasoline fire. Why? ( ll: 50-51), ( 15: 60-77). 
18. Explain briefly in your own words as to why fish 
die if put in an aquarium of water which has been 
boiled and subsequently cooled. ( ll: 46-48), 
( 13: 252-255). 
19 . Explain t he successive use of excelsior, k indling 
wood, and f inally coal in bu ilding a furnace fire. 
(15: 60-77), (6: 31-47), (16: 12-24). 
20. What methods of fir e extinguishing are you using 
when you t hrow dirt on a fire? vfuen you spray 
water on it? When you blow out a c~ndle? 
21. Wr ite a brief paper on t he different methods that 
1r1e h ave employed to protect metals from oxidation. 
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Be sure and name a t le ast ten different things 
that we have to protect a.gai nst oxidation. 
22. Pack some clean, fine, steel wool, which you 
will f i nd on t he demonstra.tion desk, in the lmver. 
end of a dry test-tube . Twist some soft wire 
around t he tube and fasten it upside down i n a 
glas s tumbler in such a manner that some water 
may en ter t he open end of t he tube. Fill t he 
tumbler \vi th water • . Set the appar a tus away where 
it will remain undisturbed for a fe1,r days. . After 
four or five d ay s write up ym.lr observations 
and conclusions. Be sure to state what t his ex-
periment indicates • . 
23 . Hold a p iece of wire gauze or screen in t he flame 
of a burning cand le. Mou will note that t he 
flame does not pass t hrough the spaces in the 
screen • . Explain. 
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rlold a lighted matc h above t he g au;:-,e i mmediately 
over t he fla.L"'le underne ath and you will notic.e t hat 
t he gas will tal~e fire and burn. . Explain. 
24. \'!rite in y our notebook a brief explanation of t he 
terms combustible, spontaneous combustion, and 
k indling t emperature. . Be sure you are able to 
distinguish differences between them. 
25. In your O'tln words re cord in your notebook vlhy 
t he water does not run out of t he bottles con-
t aining v1ater as t hey are i nverted in a trough 
for the collection of oxygen. 
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OPTI ONAL RELATED ACTIVITIES 
The Role of Oxygen in Our Vforld 
1. The loss of life and property by fire is. a very 
serious matter in the modern world. State and. 
municipal g overnments have passed laws tending 
to prevent the outbreak of fire. wnat are t he 
fire .laws in your community? vfuat means are. 
provided for extingui shing fires? What are the 
modern methods of fireproof construction? What 
are automatic: extingui sher s? Prepare an oral 
report on these questions for the class. A vis-
it to your loc-al fire de partment and inquiries 
t here may prove of value. 
2. The boys and girls ivho are planning on entering 
the medical profession would probably be inter-
ested in visiting a · hospit al and securing in-
for mati on on the operation of t he oxygen tent 
which t hey can present to the class in panel 
d iscuss ion . 
3. Some of you perhaps may be able to gather some 
dis play posters, charts or present exhibits of 
t he following : -
a) Fireproof materials; 
b) Oxygen chambers (used in the 
treatment of pneumonia· etc); 
c) Chemistry in fi ghting fires. 
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4. The pupils \•Tho e.re p lanning on beco:ning doctors 
and nurses may be interested in 5 iving an oral 
or written report on Oxy c.::en Therapy. Those who 
desire to become eng ineers may be interested i n 
d b ing t h e same on Catalitic Reactions in Indus-
try, or the RustinPi of Iron. Valuable infor-
mation may be derived by interviewing a doctor, 
or eng ineer and making inquiries. 
Just a word at t h is point to state t h at none of 
t he above or follm-1ing are in any way limited 
to only those interested in the above n.:u ed 
professions. Al~Y student vlho feels an inte rest 
in any of t hese to p ics may vwrk on the m. 
5. Some of you may b e intere sted in writing or 
g ivins an oral re port on the uses of oxygen in 
flying , not forgetting to mention its connection 
with the new rocket bomb , submarines, mi n ing , and 
in the construction of fireproof materials. This 
s h ould be of particular inte rest to those of y ou 
who are interested in Aviation, t he Navy, and 
Eng i ne ering . Visits to eithe r an air base, navy 
base, or mine s h ould prove profitable. 
6. Perhaps some of you may feel t h aL y ou would lik e 
to become Chemists or would like to become better 
jl 
l 
I 
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acquainted with t h e duties of a c h e mist. If 
t h is b e t h e casec. you may visit a c h e mical lab-
oratory and write or present an oral re p ort 
on yo~w observations. 
7. Hake a collection of advertiseme n ts for news -
papers or mag azines which illustr a te t he i m-
portance of ch e mistry to a ll people. These 
s h ould be brought to t he classroom with any 
comme nts t hat you may he.ve to ma ke and we will 
d iscuss t h e m i n c~ass . 
8 . Br ing in fo r the bulletin b o axd an y real in-
t e r e s ti ng ite ~ s t h at you ma y no tice in any 
paper, ma g azine or periodical that you t h ink 
h as a bearin g on t h i s un it and t h a t mi ght be 
of some i nte r es t to others . 
9 . I f y ou k now h ow to Q.ra~l well , why don 't you 
make a l ars e s ketch of a n a pparatus t hat y ou 
h ave set up i n on e of yom" exp irtJments in t he 
l abor atory. Labe l everyth ing c arefully , and 
state t he uses of t h e ver ious objects in y our 
sketches . 
10. Some of you may b e intere sted in making a col-
lection of new s paper c li pp i n g s i ndicating t h e 
i mport e.nce of che mistry and sc.ien ce in t he daily 
news. Classify t h e cli ppi ngs under certain 
general topics such as nutrition, agriculture, 
pharmacy, industry, atomic. power, che mical 
we.rfare, b ioche mistry, public welfare etc •. 
11. Those of y ou wh o drive cars, and those of you 
11ho will b e driving cars s h ortly mi e;ht be in-
terested in doing the following : 
a. Draw diagra~m s showing how t h e 
c arburetor evaporates gasoline 
a nd mixe s its vapor with air to 
form an explosive mixture. 
b . You may also draw a cross-sect-
ion of a cyl inder of a gas eng i ne 
s h owing how successive explosions 
in the c y linders of a g as eng ine 
f u r n ishe s t h e force to drive t h e 
car • . 
Note: . Th ose of you v.rh o are tak ing mec hanical 
drawing mi ght ask y our teacher if you 
could do this during t hat period • . 
12 . You mi ght wish to draw a colored poster or 
c_artoon showing carelessness in fire prevent,-
ion, or in t he prevention of violent explosion s. 
13. 'vrite a composition or sh ort story telling how 
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you would put out a s mall fire in your home •. 
\'/hat would you do in t h e event that it v;as 
a major b laze. 
14. vlri te a summary of any book you read v.fhich 
deals \<Ti th this unit. The book should be a p-
prove d by t he teacher before re ~ding . 
15. Wr ite to t h e ~National Forestry Service asking 
for information about t h e following : 
a. l'Ia jor causes of forest fires; 
b. £jiethods e mployed in fighting ru1d 
averting forest fires; . 
c. Annual loss due to forest fires. 
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Note: Bring t h e re p ly to class for discussion. 
16 . Make a booklet of fifteen to twe n ty p ictures 
illustrating s pontaneous combustion, oxidation, 
or explosions. 
17. Some of you mi ght have political ambitions; 
perhap s y ou can persuade severa l me mbers of 
your class with your amb itions to have a: round 
t a.b le discussion in class o n "The I mportana.e 
of t h e Role of Oxyg en in our World. 11 
1 8 . Perhaps s ome of you have a n orig inal idea which 
you wish to develop as- an individual or e;roup task. 
If this is t h e case see y our teacher • . 
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8. Sound Film 16 mm . l reel, entitled PROF I TS OF 
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New York. (Free Material). 
11. Sound Film 16 rnm. 1 reel, . entitled NORE DANGEROUS 
THAiii DYNAMITE. Bureau of Communications Reseexc h , 
Inc., 13 East Thirty-Seventh Street, New York 17, 
Ne v1 York. (Free Material). 
60 
12. Sound Film 16 mm . 1 reel, entitled CRDIES OF CARE-
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Section, 4800 Forbes Street, Pittsburg 13, 
Pennsylvania. ( Free Materials). 
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C H A P T E R III 
PRESENTATION AND EVALUATI ON OF THE l.Jl'>l" IT 
Method of Teach ing: 
All t he students will participate in t he 
activities labeled rrFor Individual Study and 
Investigationrr. In the event t hat all this 
work or experiments cannot conveniently be 
performed on ' an individual or small group basis, 
t he teacher will select as many members as he 
or she think are necessa.ry to present the ma-
terial to the rest of the group. 
The other members of the class who are 
not partici pating in t hat particular activity 
will be urged to take no tes for t heir indivi-
dual notebooks, ~hich is required by all of 
t hem. This will re pre se nt part of t heir s har-
ing-of-experience period. 
Any optional related activity pertaining 
to this particular activity wiilil also be pres-
ented and discussed at t h is time. All teacher 
demonstration s, guest speakers, and use of 
Visual aids may be introduced at t h is time as 
well. 
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Final Test: 
As broug h t out earlier in this 
p a per the fin a l test and the pre-test axe 
very sin ilar in form and content. The pr e -
test is g iven at t h e onset of the unit and 
t h e final test at t h e close of t he unit. 
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EVALUATIVE ACTIVITIES 
Sarnple_QQjective Test Items for Unit on Oxygen 
Completion Test Items 
Directions: Fill in t he correct word or phrase in 
each blank . 
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a. Example: · Th e ma.n usually re g arded as the discoverer 
of Oxyg en is Jose ph Priestley. 
1. Priestley obt a ined oxyg en by heating 
2. For lab oratory experiments, oxy gen is most conveniently 
prepared by heating 
3. A substance that alters the speed of a c he mic.al chang e 
with out itself undergoing per!ll a nent chemical chang e 
is known as a · 
4. Any ch e mical action accompanied by t h e evolution of 
h eat and lig ht is kno\vn as 
5. The very rap id combustion of certain mixtures of gases 
and finely divided organic matter such as coal or flour 
may cause an 
6. Th e process of combining a s ubstance with oxygen is 
lmown as 
7. An allotropic form of oxyge n produced by the action of 
2. silent elec t ric discharge is kn own as ________ _ 
8 . When a n element burns in oxygen or air the compounds 
for med are called 
9 . The s peed of all c hemical changes is increased 
by raising t h e 
10. The lowes t temperature at wh ich a materi a l takes 
fire and burns is called t h e 
--------------------· 
TRUE AND FALSE TES'I' I T ElVIS 
DIRECTIONS : Indicate by putti ng a circle around 
e t he letter 11 T11 if you t h i nk the state-
me nt is true and by circling t he let-
ter 11 F' 11 if t he statement is false. 
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EXPJviPLE: Oxyge n is a po isonous gas........... . • • . T ® 
l. Substances t hat burn in air will burn in oxy-
gen more rap idly and with increase brilliancy . . T F 
2 . All methods of extinguishing f ire de pend 
either upon cooling t he combustible mate-
ri a l or upon excluding the air so that 
oxygen is no longer available for oxidation ••. T F 
3. At h i gher levels t he percentage of oxygen 
increa.ses .................................... T F 
4. Too much oxygen would exhaus t us in a 
little while ••••••.••••••••.•••••••.•••.•.•••• T F 
5. Oxygen supports combustion, and is itself 
combustible................................... T F 
6. Oxygen is a colorless, odorless, tasteless gas. T F 
7. All metal s when heated unite with oxygen •••••• T F 
8 . Fish do not need oxygen for the process of 
life .......................................... T F 
9 . Rusting is an example of Reduction •••••••••••• T F 
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10. Oxidati on is due to t he very rapid c.ombustion 
of certain mixtures of gase s or of dust .... .... T F 
11 . The anims.ls and plants work together in ke ep-
ing t he amount of oxygen in t he air constant ••• T F 
12 . Oxygen is t he most i mportant element in t he 
world, but it is very sca ..rce ................... T F 
13 . Veget ahle matter contain very little oxygen •.•• T F 
14 . Phys icians some times use oxygen for patients 
v-rho are suffering from pneumonia or suffocation T F 
15. Oxygen is only slightly soluble in water ...••.. T F 
JI!Iultiple Choice 
Directions: In each of the following statements several 
answers are suggested in parentheses. Un- -
derscore the s e ction that you think is cor-
rect. 
ExM1ple: The ch ief use of oxygen in industry is to( pro-
duce low temperature, make mater ial more s ol-
uble, prevent the possibility of fires, ..2!:2-
duce high temperature). 
1. Oxygen is (slightly soluble in water, very 
soluble in water , not soluble in water). 
2 • . Oxygen unites with (Gold, Silver, Lead, Pla-
tinum) , when heated . 
3 . Oxygen rn ay be pre pared by heating (Potassium 
Chlorate, bricks, glass, Sodium, Silver). 
4. Traces of Ozone i n t he air are i mportant be-
cause (they g ive a pleasant odor to the air , 
t hey kil l insects, t he y absorb some of t he 
ultra-violet rays of the sun and prevent sun-
burns, _they add humidity to the air, t hey 
make the s ky blue) • . 
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5. Vli t h altitude t he quantity of oxygen (increases, 
~ decreases, stays t he SM1e). 
6. Rusting is an example of (evaporation, combus-
tion, oxidat ion, reduction). 
7. Oxygen is (heavier t han air, lighter t han air, 
the same weight as air) . 
8 . E1,ements :which . sometimes occur in two or more. 
forms are kno'l'm as (Oxides, allotropic forms, 
electrolytes). 
9 . An oxide is a compound of two elements one of 
wh ich has to be (Gold, Silver, Oxygen). 
10. Oxygen and Bacteria help keep earth freed 
fro m surface accumulation of dead pl ant and 
animal products by a process called (Decay, 
Pollution, Evaporation). 
69 
70 
KEYS TO OBJECTIVE TESTS 
a. Completion Test Items: 
1. Mercuric Oxide 
2. Potassium Chlorate 
3. Catalytic. Agents 
4. Combus tion \ ' 
5. Explosion ~ -
6. Oxidation v' 
7. Ozone 1/ 
8 . Oxides V 
9 . Temperature 
10. Kindling point Y 
b • . True and False Test Items: 
1. T 
2. T 
3. F 
4. T 
5. F 
6 • F 
7. T 
8. F 
9. F 
10. F 
11. T 
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12. F 
13. F 
14. T 
15. T 
c. 1v1ul ti ple Choice Test Items : . 
1. Slightly soluble 
2. Lead 
3. Potassium Chlorate 
4. Absorb ultra-violet r €1,ys 
5. Decreases 
6 . Oxidation 
7. Heavier t h an air 
8. Allotropic forms 
9. Oxygen 
10. Dec-.ay 
S T UDE:N T 0 P I N I 0 N P 0 L L 
Directions: Draw a circle around the letter 11 Y11 if 
you say yes; circle 11 N11 if you say no , 
and if you don't care c ire le •• I 11 • 
l. Did you enjoy the manner in which t h is unit 
72 
\Vas pre se n ted?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Y l'J I 
2 . Was t h e work as s i gned inte resting? •.......• Y N I 
3. Would you l ike to do t h is t ype of work 
rn ore often?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~'{ N I 
4. Did you have a sufficient opportun ity to 
express yourself? .•.•.•.•..••.••.•••••••••. Y N 
5. Was t h is u nit par ticularly hard '? •••..•••••• 
6. Was t h is unit particularly ~ fi·S y'? ••••••••••• 
7. Did you have enough time to complete all 
y N 
y N 
of the work assigned to you? ...••••••.••••• Y N 
8 . Did y ou find an opportunity to do any of 
t h e Optional Related Activities ? ••••••••••• Y N 
9 . If you d id not partici pate in the Optional 
Re lated Activities because you did n ot h ave 
enough time, would you participate if more 
time was a lloted to you? ••••••••••••••••••• Y N 
10. Did you find t hat you were g iven too much 
to do without the te acher's help? ••.••••••• Y N 
---
11. Could you understand mo st of t h e material ·? ••. 
12 . Did you have to ge t a lot of help f rom 
your neighbors or teacher? ••••••••••••••••••• 
13. Do you like the ide a of a study guide to 
show you where you may find some material 
dealing vii t h a particular problem? ••••••••••• 
14. Do you think you had too much writing 
to " ? a_ o .•••.•••••••••••••••••••••••••••••••••••• 
15. Do you think that this is 8 . more "adult" 
or mature way of working? •••••••••••••••••••• 
16. Was the final test f a .. ir ? ••••••••••••••••••••• 
17. Did you find t he directions for study 
clear and he lrJful? . .......................... 
18. What did you like most about t h is method 
of presentation? 
19. What did you like least about this iEethod 
of presentation? 
2 0. Vlhat did you find the hardest for you to 
do in t h is unit? 
21. How do you suggest we treat what you dislike, 
or find difficult on future units? 
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RESULTS OF EVALUATI\TE ACT I I/ ITIES: 74 I 
Th e educational growth and gain chart~ table 
4, has fictional scores to illustr a te a method 
t h at may be e mploy ed for recording the results of 
t h is presentation. A pictur~ illustrating individ-
ual growth ;:nay be re presented by Re la.tive Growth 
Scales similar to f i gure s 1, 2, and 3. All evaluative 
a ctivity scores should be classified and tabulated • . 
'I'he scores in t h is particular unit have . been grouped 
according to mean and standard of deviation . Any 
teacher usine; this unit does n ot ne cessarily have to 
use the median or st andard of deviat ion , he or she 
may use an arithmetic mean, percentile rank, quart-
ile deviation , correlation coefficient, etc. for 
g roup ing scores attained. 
STUDEi.\iT OP I NION POLL CONCLUSI OiiJS : 
To provide some means of securing student 
criticism as well a.s che c·kins any weakness t hat mi ght 
exist in the teaching unit and manner of presentation 
a student opinion poll may be taken. This poll may 
prove of great constructive benefit if the criticism 
and suggestions of the studen ts are sincere and may 
serve as an excellent median for revision material. 
Tabulating the results of this poll in a manner similar to 
that illustrated in table 5, will serve to g ive a clearer 
picture and the teacher may formu l ate hi s conclusion s more 
readily with results grouped in t h is manner. 
i 
I 
I 
I 
I 
I 
I 
ll 
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Table 4. Edu cation a l Grm'lth and Gai n &hart 
e Fictiona l Sc or e s for Illustra tive Purposes 
_j 
Fi na l 
?u p i l Pre-Tes t Group Te s t Groun Ga in GrouP 
I 
1 22 IV 52 IV 30 III 
2 47 II 70 II 2 3 IV I 
3 30 III 62 III 32 I II I 4 48 II 64 I II 16 v I 
5 36 III 67 II 31 III I 
6 21 I V 47 IV 26 I II 
7 28 IV 56 III 28 III 
8 58 I 80 I 22 I V 
9 26 I V 46 IV 20 IV 
10 37 III 57 III 20 I V 
11 2 3 I V 40 I V 17 v 
12 31 I II 65 III 34 II 
13 50 II 78 II 28 III 
14 35 III 68 II 33 I I 
I 15 54 I 75 II 21 I V 16 17 IV 38 - v 21 I V 
17 32 III 62 I I I 30 III 
18 30 I II 6 4 III 34 II 
19 49 II 6 1 I II 12 v 
20 39 III 62 II 2 3 IV 
2 1 41 II 69 I II 28 II I 
22 33 III 6 0 IV 2 7 I II 
2 3 19 IV 46 I V 27 III 
2 4 27 I V 48 I V 2 1 I V 
2 5 16 v 40 II 2 4 I V 
26 32 III 70 III 38 II 
2 7 2 9 III 65 III 36 III 
28 31 III 63 IV 32 III 
29 28 IV 50 IV 22 IV 
30 25 I V 49 III 2 4 I V 
e 
I 
I 
I 
I 
I 
I 
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G III roup 
12 Pupils 
Group IV 
10 Pup ils 
Group II 
5 Pupils 
GroL.m V Group I 
I 1 Pup i l 2 Punils I 
Distribution of Pup il Gr owth 
34 . 5 
5 16 117 52153 64 
Fig ure 1 . Relative Growth Scale - Pre-test 
l 
Group V 
1 PuPi l 
27 
Group I V 
9 Pupils 
Group III 
12 Pupi l s 
Groun II 
7 Pupils 
Group I 
1 Punil 
Distribution of Pupil Growt h 
59 
39l 4o 52 153 65 ,66 78! 79 
Fi gure 2 . Relative Growth Scale - F'inal Test _ 
77 1 
I 
911 
78 
G III roup 
12 Pupils 
Group IV 
11 Pupils 
Groun V Group II f+ Pupils 3 Pupils 
Group I 
0 Pupils I 
Distribution of Pupil Growth 
29 
12 181 19 32 133 39 l4o 46 
Figure 3 • . Relative Growth Scale - Gain 
I 
I 
I 
I 79 I 
Table s . Results of S'I'UDEi'tT Opinion Poll 
Part I 
e Ques tion Affirmat i ve .Negative --Indifferent or No . Answers Ansv.re r s No Response 
1 • . 
2 • 
3. 
4 . 
s . 
6 . 
7 . 
8 . 
9 . 
10. 
11. 
12 . 
13 . 
14 . 
15 . 
16 . 
17. 
18 . 
19 . 
20 . 
21. 
Pe.rt I I 
I tems Liked I tems Dis l i ked Ite ms Di f f i cult 
e 
I 
Conclusions: 
The concept of' t he Unit rilethocl of pres-
entation is predicated upon t he pr i n ci p le t hat t h e 
individual is unique---- t hat h is assets and limi-
ta.tions a.re so peculiarly ind i v idual t hat he canno t 
be g i ven proper assistance to match h is set of 
qualities wi t h t he requirements of the next o ppor-
t u n ity except on an individual bas is. -wh ile pupil s 
may be a s s isted in groups to g a t he r information about 
a wi d e variety of f ields of activity in -..vhich t :he y 
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n< ay desire to e ngage, t he pro c e ss of matc_h i ng their 
persona l chara.cteristics or abi li t ies with s ome 
des irable activity is inh erently an individual on e. 
Since t he Un it Method of present a tion is pu p il ce n ter-
ed, it introduces purp oses and techniques adapted to 
assisting and encouraging the ind ividualization of 
cla ssroom teac h i ng . The Unit Hethod t hroug h its wide 
range of activities enable the pupils t hemselve s in 
many instances to recog n iz.e and evaluate their a s s e ts 
and limi tations and rela te t hem pro perly to t h e requ ire-
ments of the next o pportu n ity. The Unit h ethod be-
cause of its de mocra tic organi~ation and presentation 
incre a sing ly enab les the stude n ts to make t heir own 
c h oices and decisions, traits which are so sorely 
needed in our present generation. 
APPENDIX 
S T U D Y l::__N D A C T I V I T Y 
G U I D E 
Unit: 11 Th e Role of Oxygen in Our Lives 11 
Stude nt's Name 
------------------------
'I I 
i 
FOR INDIVIDUAL STUDY AND INVESTIGATION 
(Core Activities) 
The Role of Oxygen in Our Wor ld 
Remember you may start anywhere. 
1. vlri te in your own words a brief explanation of the 
following : : (a) Rusting of meta1s; (b ) Spontaneous 
combustion; (c) Wny fine iron filings burn bett.er 
t han coarse filings; (d) Why carbon dioxide and 
v1ater a.re always found in the products when fuel, 
such as wood, coal, . and e;as is burned. . (2: 29-40), 
(14: 132-139 ), (6: 31-47), (1: 31-47). 
2 . Many of us use gas in our home s with perfect safe~y 
for heating , cooking and lighting . . We use it right . 
here in the laboratory without mishap. Yet. we some-
1 
times read of houses being blown to pieces from gas 
explosions. How do you accoun t for such explosions? 
Paste on to the s heet with your answer to this quest-
ion any articles t hat you have r ecently seen in t he _ 
paper or magazines bearing an this question •. 
(1: 42-43), (5: 26-27), (16: 12- 24). , 
3. .Discuss in writing what happens when an explosion 
takes place. Telling h ow some of these explosions 
may be prevented and 1t1hat pre cautions farmers, miners, 
and flour mill operators have to observe. (3: 36-37), 
(6: 27-28 ), (1: 42-43), (15: 60-77). 
ii 
4. Light up a candle, now b low on the flame. Rec.ord 
what happened and why. Now I want you to take a 
g lowing coal that is at the demonstration desk and 
blow on it. Record h ow you ac.count for t h e differ-
ent result obtained from that . of blowing on the 
iii 
I 
candle. (6: 31-47), (13: 252-255), (14: 132-139). 
5. Vlri te a brief paper of about 250 of your own words 
as to why you think oxygen is such an i mportant ele-
ment. (7: 48-49), (5: 28-29), (3: 32-49), (13: 252-
255). 
6. Look up the pre par at ion of oxygen . , Prepare some of 
t he gas and write up what you find for its chemical, 
and phy sical properties, , and h ow you found these. 
(2: 27-31), (4: 149-155), (5: 12-17), (6: 31-47). 
7. Invert a dry cylinder over a burning ca.ndle •. When 
the candle goes out invert the cylinder and add 
lime water. Show by a balanced chemical equation 
t he reaction that took place. wnat does this prove? 
Vlhy does t he cand le go out? (2: 33-35), ( 6: 31-47) • 
8. Learn the following t erms, record t hem in your work 
vrork book, and be able to g ive the definition of each: 
Oxidation 
Reduction 
Combustion 
Electroly sis 
Kindlmng Temperature 
Spontaneous Combustion 
Explosion 
Cata·lyst 
Oz.one 
Allotropic Forms 
9. Write a brief paper on how the anil:mals and p lants 
vvork togeth er in ke eping the amount of oxyg en in the 
air constant. (3: 46-48), (6: 31-47), (13: 252-255). 
10. Carefully wei gh some very fine Iron powder in a porce-
lain dish. Record y our vreight. Remove t h e dish from 
the balance and gently heat until the iron beg ins to 
burn, remove from t h e heat and allow it to cool and 
t hen weig h it a g a in. 1Vhat a r e the results? What 
does t h is prove? Give t he c h e mical reaction t h at 
to ok pla.ce, by mea.ns of a balanced equat ion. (1 : 39-
41)' ( 15: 60-77) • 
11. Explain in writing whether you could tell from t h e 
looks of a compound whether or not it contains oxygen . 
1 G-ive an example or two which proves your a n swer correc ' . 
(2: 37-38), (6: 31-47), (14: 132-139), (16: 12- 24) •. 
12 . Assume t h at Pdtassium Chlorate is 39 percent oxyg en. 
If 12 Grams of Potassium Ch lorate and 3 Grams of Man-
5 anese Dioxide are used to produce Oxy gen, how muc.h 
of e a.ch product is left in the flask? Run this as an 
experiment. . How does t h e theoretical ans-v1er compare . 
with y our factual one? (5: 20-22 ), (1: 36-37), 
(6: 31-47). 
13. Write a s h ort paper on h ow oxyg eD helps to keep the 
earth freed from refu se org anic matter, and h ow it 
preven ts the polluti on of water. 
(3: 40-41), (4: 152-153). 
v 
14. Jot down in y our work bo ok suggestio n s f or different 
methods for putting out a f ire, and a brie_f exp lana-
tion of how each would act . (1:38-45), (6: 31-47), 
( 15 : 60-77). 
15. Pre p are a s hort b ioe;raphic a l ske tc h on t he life and. 
work o f t he f o llowin g men : 
a . J oseph Pr ie s tley (1733-1804) 
b . Antoine Laurent Lavo isier (1743-1794) 
c . Karl W. Schee le (1742-1786 ). 
I nfor mation for t h e above rE ay be found i n t he e n -
c yclo pe d i a s in t he school or city library. 
16. When you f eel " d o pey" will b reathing more oxys en 
make you feel " more alive" '? Thi nk t h is over and 
write y our an s 1.,re r to t he que stion . 
Th e test by expire ment: When you f e el 11 do pe y " 
b r eat he f resh air dee p l y and rapidly a few times, 
re s t a moment and r e p e at t h e process at least six 
time s. At t he end o f f ive mi nutes do you feel any 
d i ffe re n t? vlhy not make t h is p lan a pre limi n ary 
practice f or every stud y ses sion, and f o r every class 
if your work be come s uninteresting . Tes t t h is idea 
t horoug h ly and write a better con clusion t h a n t h is 
I 
one : 11 Oxygen is free for t h e tak ing • 11 l'lhy be "d o pey 11 
whe n you can b e 11 snappy? n 
II 
17. Prepare a brief statement of the best thing for you 
to do i f your clothes were to catch on fire. On 
the same paper also g ive a s hor t explanation of 
whether you would use sand or water to put out a 
gasoline fire. \vby? (ll: 50-51), (15: 60-77). 
18 . . Explain briefly in your own words as to why fish 
die if put in an aquarium of water which has been 
boiled and sub sequent ly cooled . (ll: 46-48), 
( 13: 252- 255). 
vi 
19. Explain the successive use of excelsior, kindl i ng 
~vood, and finally coal in building a furnace fire. 
(15: 60-77), (6 : 31-47), (16: 12-24). 
2.0. What method s of fire extinguish ing are you using 
when you throw dirt on a fire? When you s pray 
water on it ? ~nen you blow out a candle? 
21. Vlri te a brief paper on t he different meth ods that 
we have e mployed to protect metals from oxidation. 
Be sure and na.me at least ten different thing s 
that vve have to protect against oxida.tion. 
22. Pack some cle an , fine, steel wool, which yo~ will 
find on t he demonstration desk, in t he lower end of 
a dry test-tube. Twist some soft wire around the 
tube and fasten it u pside down in a g lass twnbler 
in such a manner that some \"i'ater r ay enter t h e open 
e nd o f t h e t ube. . F'ill t he twnbler with water •. 
vii 
Set t he appar a t u s away where it will re main undis-
turbed for a few days. After four or five days write 
up your ob servations and conclusions. Be sure to 
state what t hi s experiment indicates. 
23. Hold a piece of wire gauze or screen in t he flame 
of a burn ing candle. You will note that t h e flame 
does n ot pass t hroug h t h e spaces in t he screen. 
Explain. Hold a lighted ma tc h above t he g auze 
i mmediately over the fl &ue underneath and you will 
notice that t h e g as will take fire and burn. Explain. 
24. Vfri te in your notebook a brief explanation of the 
terms combustible, s pontaneous combustion, supporter 
of combustion, . noncombustible, and kindling temper-
ature • . Be sure you are able to disting uish differ-
e n ces between t h em. 
25. In your own words record in your notebook why t h e 
water does not r u n out of t h e bottles containing 
water as they are inverted in a trough for the 
collection of oxygen. 
=--~===-~==~====================================---=====================~p======== 
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EVALUATIVE ACTIVITIES 
Sample Ob.jective Test Items for Unit on Ox•rp.;en 
Qompletion Test_ Items 
Di rections: , Fill in the correct ~vord or phrase in 
each blank. 
a . Example: Th e man usually regarded as t h e discoverer 
of Oxysen is Jose ph Priestley. 
l. Priestley obtained oxygen by heating 
X 
2. For l aboratory experiments, oxygen is most conveniently 
pre pared by heating 
3. A substan ce t h at alters the speed of a c h emical chang e 
v1ithout itself underg oing permanent chemical chan g e 
is lmov-m as a 
4. Any ch emical action accompan ied by t h e evolution of 
heat a nd light is known as 
--------------------· 
5. The very rap id c ombustion of certain mixtures of g ases 
and fi n ely divided org anic matter such as coal or flour 
may ce.use an 
---------------------· 
6. Th e process of combining a subs t ance \'lith oxygen is 
known as 
7. An allotropic form of oxyge n produced ~y the ac.tion of 
a silent electric disch arge is knmvn as ______________ _ 
8 . 11-rnen an element burns in oxygen or air the compounds 
formed are called 
9 . The speed of a ll chemical chanse s is i ncreased 
by raising t he 
10. The lowest temperature a t which a materi a l takes 
xi 
fire and burns is called t he 
-------------------· 
TRUE AND FALSE TEST ITE~:iS 
DIRECTIONS: Indicate by putting a circle around 
t h e letter 11 T11 if you t hinl<: t h e state-
ment is true and by circling t he let-
ter 11 F 11 if t h e statement is fa lse. 
xii 
EXNqPLE: Oxygen is a poisonou s g as •••.••••.••... T ~ 
l. Substances t ha t burn in a i r will burn in oxy -
gen more r?.pidly e_nd with i nc re a se brilliancy. T F' 
2 . All methods of extingu ish i n g f ire de pend 
either u pon cooling t he c_ombustible mate-
rial or upon excluding t he a ir so t hat oxyg en 
is no long er av·aila.lJle for oxidation ......... 'I, F' 
3. At higher levels t he percentage o f oxyg en 
2ncreases . ................................... T F 
4. Too muc h oxygen \vou ld exhaust us in a 
little vrhile •••.••.•••••.••••.••••••••••••••• T F 
5. Oxygen supports combust i on , and is it se lf 
c o rnbuSt i b le •.. ........•...................... T F 
6. Oxygen is a colorless, odor l es s, t a stele ss 
g as • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • T F 
7. All metals wh e n heat ed unite with oxygen ••••• T F 
8 . Fish do not need oxy gen for t he process of 
li f e ... ••••••••••• ....•..•................... T F 
9 . Rusting is an examp le of Reduction ••••••••••• T F 
x iii 
10. Oxidation is due to the very rap id combust ion of 
certain mixtures of g ases or of dust ••••••••••• T F 
11. 'I'he a.mi:mals and plants work together in keep-
ing the amount of oxyg en in the air constant ••. T F 
12. Oxygen is the most important element in the 
world, but it is very scarce ••••••••••••••••••• T F 
13. Vegetable matter con tain very little oxygen •••• T F 
14. Physicians sometimes use oxygen for patients 
who are suffering from pneumonia or suffo-
cation .......................................... T F\ 
15. Oxygen is only slightly soluble in water •••••.• T F 
1~1ultiple Ch oice 
Dire ctions : In ~ ach of the following statements several 
answers are suggested in parentheses. Un-
derscpre the section that you t h ink is cor-
rect. , 
Example: Th e c h ief use of oxygen in industry is to 
(produce low temperature, make material more 
solub le, prevent t he possib ility of fires, 
produce high temperature). 
1. Oxy gen is (slightly soluble in water, very 
solub le in water, not soluble in water). 
2. Oxy gen unites with (Gold, Silver, Lead, Pla-
tinum), wh en heated • . 
3. Oxy gen may b e pre pared by he ating ( Potassium 
Chlorate, bricks, g l ass , Sodium, Silver). 
4. 'I'ra.ces of Ozone in t he a ir are i mportant be-
cause (th e y g ive a p l easant odor to the air, 
t h e y k ill insects, t he y absorb some of t he 
u ltra-violet rays o f the sun and prevent sun-
burns, t h e y add humi d ity to the a ir, t h ey 
ma k e t he s ky b lue ~ • 
xiv 
5. \'lith altitude t he quantity of oxygen (increases, 
e decreases' stays the sarne). 
6. Rusting is an example of (evaporation , combus-
tion, oxid a tion, reduction). 
7. Oxygen is (heavier t h an a ir, lighter than a ir, 
t h e same weig h t as air ). 
8 . Elements v.rhi c l1 sometime s occur in two or , ore 
forms are known as (Ox i d es, a llotr op ic forms, 
electroly tes). 
9 . An oxide is a c ompound of two ele 1ents one of 
wh i c h has to be ( Gold , Silver , Oxygen). 
10. Oxy g en and Bacteri a he l p keep the earth freed 
f r om surface a ccu mulat ion of d e ad p l ant and 
anima l products by a process c a lled (De c ay , 
Pollu tion , Evaporation) . 
XV 
xvi 
KEYS TO OBJECTIVE TESTS 
a . Completi on Test Items: 
l. l'·iercuric Ox i de 
2 . Potassiu n Ch l ora te 
3 . Cataly tic Agents 
4. Co mbus tion 
s. Explos ion 
6 . Oxi dati on 
7. Ozone 
8 . Ox i des 
9 . Te mperature 
10. -dndling point 
b . True and False Test Items : . 
l. T 
,.., T c. . 
3 . F' 
4 . T 
s. F' 
6 . F' 
7. T 
8 . F 
9 . F' 
10. F 
ll. T 
xvii 
12 . F 
13. F 
14. T 
15. T 
c • Utl_lti ple Cho ice Test Ite ms: . 
l. Slightly solubl e 
2 . Lead 
3. Pot assium Chl orate 
4. Absorb u ltra-violet ray s 
5 . Decreases 
6 . Ox i dati on 
7. l1eavier t h an air 
8 . Al lotro pic forms 
0 Oxygen ..,. 
10. Decay 
S T U D E N T 0 P I N I 0 N P 0 L L 
Di r ections: Dr a.w e. circle around t h e letter · 11 Y11 i f 
you say yes; circle 11 N11 i f you say n o, 
and if y ou don 1 t care circle 11 I''. 
l. Did you enjoy t h e manne r in whic h t h is uni t 
xvii · 
was presented? ••.• • .• • • •• ••••••••.••••••••• Y N I 
2. 'va s t h e work ass i gned , i n teresting?....... . . Y 1\J I 
3 . Would y ou like to do t h is t ype of work 
more often? . ....... . .............. . ...... . . Y I 
4. Did y ou have a. sufficient o pp ortunity to 
express yourse lf? . .... . .................... y 1 
5. We... s t h is uni t p articularly hard? ••••••• • •• • y 
6 . VIas t h is unit particular l y easy·r •••••• • • •• • y IY 
7 . Did y ou have enoug h t L e to complete e.ll 
of the vlOrk ass i g ned to you? . ...•....... . .. y N 
8 . Did you find an opportunity to do any of 
t h e Option a l Rele.ted Activities? •. .•••••••• y 
9 . If you did not partie i pate in t he Op tional 
Re lated Act ivities because y ou did not have 
enoug h time, would you participate if more 
time was alloted to y Oll? •••• • • •• • • • • • • • • • • • y H 
10. Did you find that you were e; ive n too much 
to do v1i t hout the teacher 1 s h elp? •••••••• • • y N 
xix 
11. Could you understand most of t h e material? ••• Y :r: 
12. Did y ou have to get a lot of help from 
your neig hbors or teacher? ••••••••••••••••••. Y N 
13. Do you like the ide a of a study guide to 
s h ow you vThere y ou may fi nd some material 
de a ling with a ' particula r problem? ••••••••••• Y N 
14. Do y ou t h ink y ou h ad too mu c h writing 
to do? ......•.••.•..••....••.••.••....••.•••• Y 1~ 
15. Do you think t hat this is a more 11 adult 11 
or mature way of working ? •••••••••••••••••••• Y N 
16. Was the final test fair? ••••••••••••••••••••• Y N 
17. Did you fi nd t h e direction s for study 
clear and helpful? ••••••••••••••••••••••••••• Y r 
18. l'lhat did you like most a bout t h is meth od 
of presentation ? 
19 . Vlhat did y ou lik e least about this meth od 
of presentation? 
20. vfuat did you find t h e h ard est for you to 
d o in t h is unit? 
2 1. How d o you suggest we treat wh at you dislike, 
or find di f ficult on futvre units? 
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